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Background Of The Invention 

This application is a continuation of prior application No.: 10/328,712, filed 
December 23, 2002, which in turn is a continuation of prior application No. 10/197,229, filed 
on July 17, 2002 which in turn is a continuation of 10/010,744, filed on December 7, 2001, 
entitled MEMORY CIRCUIT WITH SHARED REDUNDANCY. 

5 

1 . Field of the Invention 

The present invention relates to memories formed in integrated circuits and provided 
with redundancy elements. 

The present invention more specifically relates to integrated circuit memories formed 
10 of several arrays provided with amplifiers for reading the memory cells of each network and 
sharing common input/output circuits. 

2. Discussion of the Related Art 

The function of redundancy elements is to increase the manufacturing output of 
15 integrated circuit memories by functionally replacing a defective element with a redundancy 
element. An integrated circuit memory is generally made in the form of one of several arrays 
of cells for storing an information bit. The redundancy element generally is a row or a column 
of additional cells. 

To simplify the present description, reference will be made, by an arbitrary 
20 convention, to a memory in which the redundancy element(s) are columns. However the 
present invention also applies to a memory in which the redundancy element(s) are rows. 

Fig. 1 very schematically shows a conventional example of a memory circuit 
architecture to which the present invention applies. 

In the example of Fig. 1, the memory is divided into p banks or arrays B|, E$k, Byi, B p 
25 of memory cells, each including a row of sense amplifiers SAi, SAp.i, SA P . Each memory cell 
bank includes a number of columns generally corresponding to number n of bits in a memory 
word, plus at least one redundancy column intended for replacing a column in which a 
defective element is present. In the example of Fig. 1, the rows of sense amplifiers are 
arranged between two half-banks of memory cells. This is an example and the present 
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invention also applies to the case where the sense amplifier rows are arranged at the ends of 
the memory cell banks. 

The amplifiers of the different banks are connected, per column, by means of 
input/output lines IOL intended for conveying the signals from the sense amplifiers to 

5 input/output elements 10 of the memory. These elements are generally called input/output 
buffers (I/O buffers) and are by a number n corresponding to the number of columns in the 
memory (with no redundancy column). To organize the redundancy, the input/output lines are 
interrupted between row 10 and first bank Bi by a row 5 of switches or the like. Rank 5 
includes means enabling, in the presence of a defective memory element in the column 

10 corresponding to a buffer, successively shifting the memory cell column used in relation with 
this input/output buffer and the following ones. In the left-hand portion of Fig. 1, the presence 
of a defect di has been assumed in a column i. The two outputs (direct and complementary) of 
the input/output buffer on the side of the memory cells of column i-1 are connected, by 
switching means 5, to line IOLj.i. To simplify, reference is made to a line IOL although two 

15 conductors are actually involved. The outputs on the memory side of the input/output buffer 
associated with column i are however connected, by means 5, to line IOLj+i. The shifting 
performed by circuit 5 continues until the last input/output buffer n, which is connected to 
line IOLn+1 corresponding to the redundancy column. Row 10 of input/output buffers 
includes n buffers while the memory cell arrays, as well as the sense amplifier rows, include 

20 n+1 columns. 

In a memory architecture such as illustrated in Fig. 1, the redundancy is used not only 
to isolate a column of defective memory elements but also, given the interleaving of the sense 
amplifiers between the arrays, to isolate the amplifier from the defective column. This is a 
substantial improvement with respect to still prior redundancy systems where the sense 
25 amplifiers could not be repaired by redundancy elements. 

The constraint of such a repair is to necessitate a disabling of the sense amplifiers of 
the defective column, for example, by cutting off their biasing. This is necessary since the 
most frequent problem of sense amplifiers is a short-circuit and that it is then necessary to 
turn off their power supply. Further, it is not known to isolate, by testing methods, whether 
30 the defect comes from an amplifier in the column or from a memory cell in this column. 

To cut off the power supply of the amplifier of a defective column, a column 
conductor CTRL associated with each memory column is used, as illustrated by the right- 
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hand portion of Fig. 1 detailing a column 12. This conductor is used to convey a signal for 
controlling the supply of the column amplifiers from row 5 of switch elements. Row 5 then 
integrates not only the elements necessary to organize the redundancy, but also to control the 
deactivation of the supply of an amplifier column. 
5 In the forming of a memory circuit, the arrangement of the different components with 

respect to one another is linked to the necessary interconnections between these components 
to minimize the number of metallization levels of the integrated circuits. For example, and as 
illustrated in the right-hand portion of Fig. 1, the input/output lines (IOLj), formed of a direct 
conductor IOLd and of a complementary conductor IOLc, are formed in the same 

10 metallization level as conductors CTRL for disabling the different amplifiers. The 
connections between the memory cells and the sense amplifiers (the bit lines not shown) are 
formed in an underlying metallization level with which conductors IOLd, IOLc, and CTRL 
communicate by vias v at the level of each amplifier of a column. 

As appears from the discussion of Fig. 1, the existence of a defect in a memory array 

15 disables the use of the corresponding column in all the memory arrays sharing the 
input/output buffer. 

Such a redundancy organization is well known and described, for example, in US 
patent No. 5,506,807, which is incorporated herein by reference. 

In the row direction, a memory further includes row-decoding elements associated 

20 with control elements. Physically, all these elements are, in the memory plane, generally 
gathered in a strip 15 located on one side of the arrays. Most often, an integrated memory 
circuit further includes column decoders (not shown) used to select a set of arrays illustrated 
in Fig. 1 by a succession of sets placed side by side. 

A redundancy technique such as illustrated in Fig. 1 provides satisfactory results as 

25 long as the memory size remains relatively small. In practice, between 2 and 6 redundancy 
columns are provided. As a result, the number of columns likely to be repaired is limited in 
the same proportions. Now, the more the memory size increases, that is, the more the number 
of arrays sharing same input/output buffers increases, the higher the number of defects to be 
repaired statistically is. This thus poses the problem of having, either to unreasonably increase 

30 the number of redundancy columns, or to restrict the number of memory cell arrays sharing 
the same input/output buffers. Now, the input/output buffers are among the most bulky 
elements of an integrated circuit memory, and it is desirable to share them as much as 
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possible. 

Summary Of The Invention 

The present invention aims at providing a novel memory circuit architecture having at 
least one redundancy column and which is particularly adapted to memories sharing a same 
5 row of input/output buffers between several arrays of memory cells, each having their own 
sense amplifiers. 

The present invention more specifically aims at providing a redundancy solution 
which enables using a same redundancy column to replace defective cells located in different 
memory cell arrays. 

10 A first solution would be to individualize the input/output buffers at the level of each 

memory cell array, that is, at the level of each sense amplifier row. However, a major 
disadvantage of such a solution is that it considerably increases the memory circuit size. This 
is the reason why it is most often desired to share a same row of input/output buffers between 
several arrays of memory cells, each having their own sense amplifier row. 

15 The present invention thus aims at providing a solution which consumes less 

integrated circuit surface area. 

The present invention further aims at providing a solution which requires no 
additional metallization level to organize the redundancy. 

More specifically, the present invention provides an integrated circuit memory 

20 including: 

at least two banks, each provided with an array of storage elements having at least one 
redundancy column and each associated with sense amplifiers which are specific to it; 
a row of input/output buffer circuits common to the memory banks; and 
for each memory bank, a circuit for assigning the redundancy column to an 
25 input/output line connected to one of said buffers, the assigning being likely to be performed, 
for a line of current rank, towards the columns of preceding rank and towards the columns of 
following rank. 

According to an embodiment of the present invention, each assignment circuit 
associated with a memory bank includes means for branching the input/output lines and 
30 conductors of individual activation of the sense amplifiers of the involved memory bank. 

According to an embodiment of the present invention, said assignment circuits form 
switches for branching the input/output lines, all formed in a same metallization level. 
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According to an embodiment of the present invention, the input/output lines and the 
conductors of activation of the sense amplifiers are formed in a same metallization level, said 
lines and said conductors being interrupted level with each assignment circuit. 

According to an embodiment of the present invention, the sense amplifiers are 
5 organized in rows perpendicular to the columns. 

According to an embodiment of the present invention, the number of sense amplifiers 
per bank corresponds to the total number of columns of the arrays of storage elements, the 
number of input/output buffers corresponding to the number of columns of storage elements 
outside of the redundancy column. 
10 According to an embodiment of the present invention, the assignment circuits are 

programmed by means of non-volatile memory registers. 

According to an embodiment of the present invention, the memory includes means for 
individually addressing the different assignment circuits. 

The foregoing objects, features and advantages of the present invention will be 
15 discussed in detail in the following non-limiting description of specific embodiments in 
connection with the accompanying drawings. 

Brief Description Of The Drawings 

Fig. 1, previously described, shows a conventional example of an integrated circuit 
20 memory architecture; 

Fig. 2 shows, in a very simplified top view, an embodiment of an integrated circuit 
memory architecture according to the present invention; and 

Fig. 3 shows a detail of a circuit for reorganizing memory banks according to the 
present invention. 

25 

Detailed Description 

The same elements have been designated with the same references in the different 
drawings. For clarity, only those elements which are necessary to the understanding of the 
present invention have been shown in the drawings and will be described hereafter. In 
30 particular, the details constitutive of the memory banks, of the sense amplifiers, of the 
input/output buffers, and of the decoding and addressing circuits have not been detailed. 

A feature of the present invention is to place, at the level of each memory bank, that 



SO 1022/8 1077 -6- 726523 

is, at the level of each cell array associated with a sense amplifier row, a circuit for 
reorganizing or reassigning the columns. This circuit enables individualizing, at the level of 
each memory bank, the use of the redundancy column(s). 

Fig. 2 shows, in a very simplified top view to be compared with that of Fig. 1, an 
5 embodiment of a memory circuit architecture according to the present invention. 

As previously, several banks Bi, Bk, Bp.|, B p each including an array of memory cells 
associated with a row SAi, SA k , SAp_i, SA P of sense amplifiers, share a same row 10 of I/O 
buffers. In a memory of the present invention, the arrays of cells and the sense amplifiers 
respect the structure of a conventional memory. In particular, the bit lines (not shown) are 

10 gathered per array of memory cells Bk at the level of each sense amplifier row. Similarly, as 
illustrated in the left-hand portion of Fig. 2 detailing a columns 12', the outputs of the sense 
amplifiers are brought back, by vias v, to the metallization level where direct and 
complementary conductors lOLd and IOLc of each input/output line, and conductors CTRL 
of activation of the individual supply of the amplifiers of each column, are formed. 

15 According to the present invention, the input/output lines are, however, not 

continuous over all the memory banks, but are interrupted at the level of circuits 20 1, 20 k , 20 p . 
i, 20 p of memory reorganization or of assignment of the redundancy column(s). Each circuit 
20 is functionally formed of switches in a row by a number n+1 equal to the total number of 
memory cells (including the redundancy columns). A reorganization circuit is assigned to 

20 each memory bank. It is used to branch, for a given memory bank (rank k), an input/output 
line (column) coming from the bank of lower rank k-1 (in a row), either towards the column 
of rank i, or to the column of lower rank i-1, or to the column of greater rank i+1. The 
foregoing assumes the existence of a single redundancy column. If several redundancy 
columns are provided, the shifting possibilities are to be adapted to the number of these 

25 columns. 

Fig. 3 shows a more detailed embodiment of a switch 30 of a reorganization circuit 20 
according to the present invention. Switch 30 is found, in each reorganization circuit 20, for 
each input/output conductor column (IOL) and, although this has not been detailed, for each 
amplifier activation conductor. Assume an input/output line IOLj coming from a memory 
30 bank of rank k-1, switch 30 of circuit 20 k includes three switching elements 31, 32, and 33. A 
first terminal common to elements 31, 32, and 33 is connected to the end of the conductors of 
line IOLj coming from bank k-1. The second respective terminals of switches 31, 32, and 33 
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are individually connected to the conductors of input/output lines IOLi+i, IOLj, lOLj.i of bank 
k of memory cells associated with the involved reorganization circuit. Thus, the redundancy 
column can be assigned to each memory bank, that is, the memory cell column from which 
the shifting with branching of the electric signals of a current column to the following column 
5 can be chosen. According to the present invention, the branching can also be performed 
towards the preceding column, for example, in the case of a memory cell bank with no 
defects. 

In Fig. 2, the patterns of the input/output lines in the corresponding metallization level 
have been shown to the left. These lines are interrupted at the level of each reorganization 

10 circuit 20 to enable their reassigning at the level of each memory cell bank. In each memory 
cell bank, the vias v connect the involved sense amplifiers to input/output lines IOL and to 
the sense amplifier supply control line. For each memory cell column, three conductors of the 
metallization level of the input/output lines are thus used. Two conductors are used for the 
actual (direct and complementary) input/output conductors. A third conductor is used for the 

15 supply control signal of the sense amplifier of the involved column. 

Thus, another feature of the present invention is that the sense amplifier supply 
control conductors are also reorganized by circuits 20. In a conventional circuit, the row of 
switches (5, Fig. 1) for organizing the redundancy is not concerned by the branching of the 
sense amplifier supply control circuits. Indeed, this circuit only disables the supply of the 

20 amplifiers of the defective column and branches, to the columns of higher rank, the 
input/output lines. 

To the right of Fig. 2, an example of a redundancy organization by means of a 
memory according to the present invention has been shown. To simplify, multiple-wire lines 
have been shown in the right-hand portion of Fig. 2. The existence of a defect dj in a memory 

25 cell of bank Bl is assumed. Reorganization circuit 20i assigned to the first memory cell bank 
does not modify the branching of the input/output lines of the columns until column IOLj.i. 
The input/output buffer of rank i is however assigned to column IOLj+i of bank 1. The buffer 
of rank i+1 is assigned to line IOLj+2, and so on. This situation is assumed to be maintained 
until memory cell bank B p .i is reached, or, at least, that bank B p _2 has the same structure as 

30 bank Bl, that is, has a defect in its column of rank i. It is also assumed that bank B p .| has no 
defects. In this case, the lines of rank 1 to i-1 coming from bank Bp_ 2 are branched towards the 
input/output lines of same rank of bank B p -2. The line of rank i coming from bank B p .2 is left 
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in the air at the level of reorganization circuit 20p-l. Line IOLj+i is branched again by circuit 
20p_i to line IOLj in bank Bp.i, and so on until the last rank corresponding to the redundancy 
column. Accordingly, in bank Bp-i, the shifting is performed towards the columns of lower 
rank, and the redundancy column is not used. 
5 It is assumed that bank B p exhibits a defect dj.i in the column of rank i-1. 

Reorganization circuit 20 p then causes the branching to the columns of greater rank of 
input/output lines IOLj, IOLj+i, etc. 

As appears from the foregoing description, two defects dj and dj.i located in different 
columns of different memory cell arrays may thus be corrected by means of a single 

10 redundancy column common to the entire memory circuit. 

An advantage of the present invention is that the individualized reorganizing at the 
level of the memory cell arrays requires no additional metallization level. Indeed, the 
branching implemented by the present invention remains in the metallization level of the 
input/output lines and does not fall to the level of the bit lines, that is, of the sense amplifiers. 

15 Another advantage of the present invention is that there can be no comparison 

between the surface area increase made necessary by the reorganization circuits and that 
which would be necessary to reproduce, at the level of each memory bank, the input/output 
buffers. 

The implementation of the present invention requires for the memory reorganization 
20 circuits to be individually addressable to individualize the branching at the level of each of 
these circuits. 

Accordingly, in the testing of a memory circuit according to the present invention, this 
testing is individualized per memory cell bank and not only the columns of the different 
defects, but also the banks in which they are located, are stored. 

25 Implementing the actual redundancy can be performed by any conventional means. 

According to a first example, fuses will be used to definitively reorganize this redundancy. 
According to a second example, registers programmed during the memory circuit testing, 
which will be read upon each powering-on of the memory to program the reorganization 
circuits, may be used. In this case, the coordinates of the defective memory cells are stored in 

30 a non-volatile memory. For example, the memory of Fig. 2 is associated with an array of one- 
time programming memory cells (OTP) in which the different coordinates are stored. A 
memory of SRAM type or a region of such a memory may also be used, provided that the 
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system can ensure a permanent supply, at least on this circuit portion. 

In the case of registers, the reorganizations are lost after each powering-off of the 
memory and reorganized after each powering-on. Such an embodiment can be combined with 
a dynamic use of the redundancy cells. An example of a dynamic redundancy memory circuit 
5 is described in US patent No. 5,982,679, which is incorporated herein by reference. 

Of course, the present invention is likely to have various alterations, modifications, 
and improvements which will readily occur to those skilled in the art. In particular, the 
number of redundancy columns may be adapted provided that the corresponding 
reorganization circuits enable a successive shifting of the input/output line columns on 

10 several neighboring columns. 

Further, the practical implementation of the present invention, especially the 
programming of the memory control circuit to implement the redundancy function of the 
present invention, is within the abilities of those skilled in the art based on the functional 
indications given hereabove. 

15 Such alterations, modifications, and improvements are intended to be part of this 

disclosure, and are intended to be within the spirit and the scope of the present invention. 
Accordingly, the foregoing description is by way of example only and is not intended to be 
limiting. The present invention is limited only as defined in the following claims and the 
equivalents thereto. 

20 What is claimed is: 



